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LITHOGRAPHIC APPARATUS AND
PIVOTABLE STRUCTURE ASSEMBLY

FIELD

The present invention relates to a pivotable structure
assembly.

BACKGROUND

A hithographic apparatus 1s a machine that applies a desired
pattern onto a substrate, usually onto a target portion of the
substrate. A lithographic apparatus can be used, for example,
in the manufacture of integrated circuits (ICs). In such a case,
a patterning device, which 1s alternatively referred to as a
mask or a reticle, may be used to generate a circuit pattern to
be formed on an individual layer of the IC. This pattern can be
transierred onto a target portion (e.g. including part of, one, or
several dies) on a substrate (e.g. a silicon water). Transier of
the pattern 1s typically via imaging onto a layer of radiation-
sensitive material (resist) provided on the substrate. In gen-
eral, a single substrate will contain a network of adjacent
target portions that are successively patterned. Conventional
lithographic apparatus include so-called steppers, 1n which
cach target portion 1s 1irradiated by exposing an entire pattern
onto the target portion at once, and so-called scanners, 1n
which each target portion 1s 1irradiated by scanning the pattern
through a radiation beam in a given direction (the “scanning’-
direction) while synchronously scanning the substrate paral-
lel or anti-parallel to this direction. It 1s also possible to
transier the pattern from the patterning device to the substrate
by imprinting the pattern onto the substrate.

Due to the demands 1n lithography to obtain patterns hav-
ing smaller and smaller structures, many developments take
place to be able to fulfil these requirements. One of these
developments 1s, for example, the use of diffraction patterns,
thereby making use of optical diffraction when projecting a
pattern onto the substrate. To be able to make use of diffrac-
tion phenomena, a radiation beam from a light source may be
projected onto the patterning device under an oblique angle,
1.¢. under an angle, which differs from 90 degrees with respect
to a surface of the patterning device. In order to obtain such
oblique incident radiation beam, use may be made of, for
example, a mirror or mirror assemblies.

SUMMARY

It 1s desirable, for example, to provide a reliable, high
resolution positioning of a mirror. In general, high-resolution
positioning and/or high reliability of a pivotable structure 1s
desired.

According to an embodiment of the invention, there 1s
provided a lithographic apparatus comprising:
an 1llumination system configured to condition a radiation
beam:;

a support constructed to support a patterning device, the
patterning device being capable of imparting the radia-
tion beam with a pattern 1n 1ts cross-section to form a
patterned radiation beam;

a substrate table constructed to hold a substrate;

a projection system configured to project the patterned
radiation beam onto a target portion of the substrate;

a mirror assembly to interact with the radiation beam, the
mirror assembly comprising:

a mirror structure being pivotable about at least one axis
and comprising a reflecting surface, and
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an actuator to pivot the mirror structure, the actuator
having a contacting surface to establish a slip-stick
contact with a contacting part of the mirror structure.
In an embodiment of the invention, there 1s provided a
pivotable structure assembly comprising:
a pivotable structure pivotable about at least one axis; and
an actuator to pivot the pivotable structure, the actuator
having a contacting surface to establish a slip-stick con-
tact with a contacting part of the pivotable structure.
In an embodiment of the invention, there 1s provided a
mirror assembly, comprising;:
a mirror;
a mover structure connected to the mirror and pivotable
about a pivot point; and
a piezo electric actuator having a contacting surface to
establish a slip-stick contact with the mover structure.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will now be described, by
way ol example only, with reference to the accompanying
schematic drawings 1n which corresponding reference sym-
bols mndicate corresponding parts, and in which:

FIG. 1 depicts a lithographic apparatus according to an
embodiment of the invention;

FIG. 2 depicts a schematic view, partly 1n cross-section, of
a prvotable structure assembly, such as a pivotable mirror
assembly, of the lithographic apparatus according to FIG. 1;
and

FIGS. 3a and 35 depict example actuation of the assembly

of FIG. 2.

DETAILED DESCRIPTION

FIG. 1 schematically depicts a lithographic apparatus
according to one embodiment of the invention. The apparatus
includes an i1llumination system (1lluminator) IL configured
to condition a radiation beam B (e.g. UV radiation or any
other suitable radiation), a patterning device support structure
(e.g. a mask table) MT constructed to support a patterning
device (e.g. a mask) MA and connected to a first positioning
device PM configured to accurately position the patterning
device 1n accordance with certain parameters. The apparatus
also mcludes a substrate table (e.g. a waler table) WT con-
structed to hold a substrate (e.g. a resist-coated water) W and
connected to a second positioning device PW configured to
accurately position the substrate in accordance with certain
parameters. The apparatus further includes a projection sys-
tem (e.g. a refractive projection lens system) PS configured to
project a pattern imparted to the radiation beam B by pattern-
ing device MA onto a target portion C (e.g. including one or
more dies) of the substrate W.

The 1llumination system may include various types of opti-
cal components, such as refractive, reflective, magnetic, elec-
tromagnetic, electrostatic or other types of optical compo-
nents, or any combination thereof, for directing, shaping, or
controlling radiation.

The patterning device support structure holds the pattern-
ing device 1n a manner that depends on the orientation of the
patterning device, the design of the lithographic apparatus,
and other conditions, such as for example whether or not the
patterning device 1s held 1n a vacuum environment. The pat-
terning device support structure can use mechanical, vacuum,
clectrostatic or other clamping techniques to hold the pattern-
ing device. The patterning device support structure may be a
frame or a table, for example, which may be fixed or movable
as required. The patterning device support structure may




US 7,884,920 B2

3

ensure that the patterning device 1s at a desired position, for
example with respect to the projection system. Any use of the
terms “reticle” or “mask’™ herein may be considered synony-
mous with the more general term “patterning device.”

The term “patterning device” used herein should be
broadly interpreted as referring to any device that can be used
to 1mpart a radiation beam with a pattern in 1ts cross-section
sO as to create a pattern 1n a target portion of the substrate. It
should be noted that the pattern imparted to the radiation
beam may not exactly correspond to the desired pattern in the
target portion of the substrate, for example 1f the pattern
includes phase-shifting features or so called assist features.
Generally, the pattern imparted to the radiation beam will
correspond to a particular functional layer 1n a device being
created 1n the target portion, such as an integrated circuit.

The patterning device may be transmissive or reflective.
Examples of patterming devices include masks, program-
mable mirror arrays, and programmable LCD panels. Masks
are well known in lithography, and include mask types such as
binary, alternating phase-shiit, and attenuated phase-shift, as
well as various hybrid mask types. An example of a program-
mable mirror array employs a matrix arrangement of small
mirrors, each of which can be individually tilted so as to
reflect an incoming radiation beam 1n different directions.
The tilted mirrors impart a pattern 1n a radiation beam which
1s retlected by the mirror matrix.

The term “projection system”™ used herein should be
broadly interpreted as encompassing any type of projection
system, including refractive, reflective, catadioptric, mag-
netic, electromagnetic and electrostatic optical systems, or
any combination thereol, as appropriate for the exposure
radiation being used, or for other factors such as the use of an
immersion liquid or the use of a vacuum. Any use of the term
“projection lens” herein may be considered as synonymous
with the more general term “projection system”.

As here depicted, the apparatus 1s of a transmissive type
(e.g. employing a transmissive mask). Alternatively, the appa-
ratus may be of a retlective type (e.g. employing a program-
mable mirror array of a type as referred to above, or employ-
ing a reflective mask).

The Iithographic apparatus may be of a type having two
(dual stage) or more substrate tables (and/or two or more
patterning device support structures). In such “multiple
stage” machines the additional tables or support structures
may be used 1n parallel, or preparatory steps may be carried
out on one or more tables or support structures while one or
more other tables or support structures are being used for
exposure.

The lithographic apparatus may also be of a type wherein at
least a portion of the substrate may be covered by a liquid
having a relatively high refractive index, e.g. water, so as to
{11l a space between the projection system and the substrate.
An immersion liquid may also be applied to other spaces in
the lithographic apparatus, for example, between the mask
and the projection system. Immersion techniques can be used
to increase the numerical aperture of projection systems. The
term “1mmersion’ as used herein does not mean that a struc-
ture, such as a substrate, must be submerged 1n liquid, but
rather only means that a liquid 1s located between the projec-
tion system and the substrate during exposure.

Referring to FI1G. 1, the 1lluminator IL receives a radiation
beam from a radiation source SO. The source and the litho-
graphic apparatus may be separate entities, for example when
the source 1s an excimer laser. In such cases, the source 1s not
considered to form part of the lithographic apparatus and the
radiation beam 1s passed from the source SO to the i1llumina-
tor IL with the aid of a beam delivery system BD including,
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for example, suitable directing mirrors and/or a beam
expander. In other cases the source may be an integral part of
the lithographic apparatus, for example when the source 1s a
mercury lamp. The source SO and the i1lluminator IL, together
with the beam delivery system BD if required, may be
referred to as a radiation system.

The illuminator IL may include an adjuster AD configured
to adjust the angular intensity distribution of the radiation
beam. Generally, at least the outer and/or inner radial extent
(commonly referred to as o-outer and o-1nner, respectively)
of the intensity distribution 1n a pupil plane of the illuminator
can be adjusted. In addition, the 1lluminator IL may include
various other components, such as an integrator IN and a
condenser CO. The illuminator may be used to condition the
radiation beam, to have a desired uniformity and intensity
distribution 1n 1ts cross-section.

The radiation beam B 1s incident on the patterning device
(e.g., mask) MA, which 1s held on the patterning device
support structure (e.g., mask table) MT, and 1s patterned by
the patterming device. Having traversed the patterning device
MA, the radiation beam B passes through the projection
system PS, which focuses the beam onto a target portion C of
the substrate W. With the aid of the second positioning device
PW and position sensor IF (e.g. an interferometric device,
linear encoder or capacitive sensor), the substrate table WT
can be moved accurately, e.g. so as to position different target
portions C 1n the path of the radiation beam B. Similarly, the
first positioning device PM and another position sensor
(which 1s not explicitly depicted 1in FIG. 1) can be used to
accurately position the patterming device MA with respect to
the path of the radiation beam B, e.g. after mechanical
retrieval from a mask library, or during a scan. In general,
movement of the patterning device support structure MT may
be realized with the aid of a long-stroke module (coarse
positioning) and a short-stroke module (fine positioning),
which form part of the first positioning device PM. Similarly,
movement of the substrate table WT may be realized using a
long-stroke module and a short-stroke module, which form
part of the second positioner PW. In the case of a stepper (as
opposed to a scanner) the patterning device support structure
MT may be connected to a short-stroke actuator only, or may
be fixed. Patterning device MA and substrate W may be
aligned using patterning device alignment marks M1, M2 and
substrate alignment marks P1, P2. Although the substrate
alignment marks as illustrated occupy dedicated target por-
tions, they may be located in spaces between target portions
(these are known as scribe-lane alignment marks). Similarly,
in situations in which more than one die i1s provided on the
patterning device MA, the patterning device alignment marks
may be located between the dies.

The depicted apparatus could be used 1n at least one of the
following modes:

1. In step mode, the patterning device support structure MT
and the substrate table WT are kept essentially stationary,
while an entire pattern imparted to the radiation beam 1s
projected onto a target portion C at one time (1.€. a single static
exposure). The substrate table WT 1s then shifted 1n the X
and/or Y direction so that a different target portion C can be
exposed. In step mode, the maximum size of the exposure
field limaits the size of the target portion C imaged 1n a single
static exposure.

2. In scan mode, the patterning device support structure
MT and the substrate table WT are scanned synchronously
while a pattern imparted to the radiation beam 1s projected
onto a target portion C (1.e. a single dynamic exposure). The
velocity and direction of the substrate table WT relative to the
patterning device support structure M T may be determined by
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the (de-)magnification and 1image reversal characteristics of
the projection system PS. In scan mode, the maximum size of
the exposure field limits the width (in the non-scanning direc-
tion) of the target portion 1n a single dynamic exposure,
whereas the length of the scanning motion determines the
height (1n the scanning direction) of the target portion.

3. In another mode, the patterning device support structure
MT 1s kept essentially stationary holding a programmable
patterning device, and the substrate table WT 1s moved or
scanned while a pattern imparted to the radiation beam 1s
projected onto a target portion C. In this mode, generally a
pulsed radiation source 1s employed and the programmable
patterning device 1s updated as required after each movement
ol the substrate table WT or 1n between successive radiation
pulses during a scan. This mode of operation can be readily
applied to maskless lithography that utilizes programmable
patterning device, such as a programmable mirror array of a
type as referred to above.

Combinations and/or vanations on the above described
modes of use or entirely different modes of use may also be
employed.

FIG. 2 depicts a pivotable structure, 1n this example being
a prvotable mirror PMR having a reflecting surface RS and
being pivotable about a pivot point PPT as will be discussed
in more detail below. A mirror structure, or 1n more general
terms a pivotable structure, comprises the pivotable mirror
PMR along with a pivotable element PET. As the pivotable
mirror PMR 1s rigidly connected to the pivotable element
PET, and may in fact form a single part, the pivotable struc-
ture or mirror structure may pivot as a whole about the pivot
point PPT. An actuator 1s formed by an assembly of a piezo
clectric element PE1 stacked on top of a piezo electric ele-
ment PE2. In an embodiment, a single piezo electric element
or other type of actuator may be applied. The actuator, in this
example the stacked piezo electric elements PE1, PE2, com-
prises a contacting surface CS. The pivotable element PET of
the mirror structure 1s provided with a contacting part CP to
contact the contacting surface CS. Although 1n this embodi-
ment the pivotable element PET and the pivotable mirror
PMR have been depicted as being separate entities, the piv-
otable element PET and the pivotable mirror PMR or other
pivotable structure may form an integral part.

Upon actuation of the actuator, comprising in this example
of piezo electric elements PE1, PE2, the contacting surface
CS will move 1n a corresponding direction. For example,
when actuating the first piezo electric actuator PE1, the con-
tacting surface CS may translate in the x-direction, 1.e. in the
plane of drawing of FIG. 2 from left to right or right to left,
while when actuating the second piezo electric element PE2,
the contacting surface may move 1n the y-direction, 1.¢. in a
direction perpendicular to the plane of drawing of FIG. 2. As
the contacting part CP of the mirror structure (or more gen-
erally of the pivotable structure) makes contact with the con-
tacting surface CS of the actuator, a force will be transterred
onto the contacting part CP, and therefore on the mirror struc-
ture or pivotable structure. As will be discussed 1n some more
detail below with reference to FIGS. 3a and 35, a relatively
slow movement of the contacting surface CS will cause the
contacting part CP, and therefore the pivotable mirror struc-
ture (1.¢. the pivotable element PET in conjunction with the
pivotable mirror PMR) to follow. If however the actuator 1s
actuated to provide for movement of the contacting surface
CS at a relatively high speed or acceleration, slip will take
place, e.g., the contacting surface CS will slip with respect to
the contacting part CP. Thus, on the one hand a high resolu-
tion positioning of the pivotable mirror may be provided, as
small translations of the contacting surface CS will translate
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into small angular displacements of the pivotable mirror,
while on the other hand a relatively large pivoting range may
be obtained by a repeated slip-stick operation, 1.e. a repeated
pattern of a slow movement in one direction followed by a fast
movement of the contacting surface CS in the opposite direc-
tion, which will each time tilt the assembly of the pivotable
clement PET and the pivotable mirror PMR with an addi-
tional amount. Making use of piezo electric actuators, reso-
lution may be obtained 1n an order of magnitude of nanom-
cters displacements of the contacting surface CS. A
maximum displacement of the contacting surface CS 1tself 1s
however limited. By the slip-stick operation, a maximum
displacement of the contacting part CP 1n the plane parallel to
the contacting surface CS can be made larger than the maxi-
mum displacement of the contacting surface CS 1tself.

In the embodiment shown here, use 1s made of a sheer piezo
clectric actuator to establish a movement of the contacting
surface CS 1n a direction substantially 1n the plane parallel to
the contacting surface CS. The two piezo electric actuators
PE1, PE2 enable movements 1n x and y-directions, 1.€. in this
example 1n substantially orthogonal directions. By allowing
the contacting surface CS to be moved 1n orthogonal direc-
tions (and thus 1n the plane parallel to the contacting surface
CS), pivoting of the pivotable mirror PMR may be provided
about the pivot point PPT, 1.e., pivoting may be provided
about the y-axis as well as about the x-axis.

In the embodiment shown, pivotability of the mirror struc-
ture 1s provided by having the mirror structure suspended in a
diaphragm DFM. Thus, the pivot point may be accurately
defined 1n the x-y plane, 1.¢. in a plane parallel to the contact-
ing surface CS, while allowing for some tlexibility in a direc-
tion perpendicular thereto to account for manufacturing tol-
erances, temperature effects, etc. To accurately follow the
contacting surface CS, a surface of the contacting part CP
may be convex, a radius of the convex surface substantially
corresponding to a distance r between the surface of the
contacting part CP and the p1vot axis.

A protective layer may be provided on the contacting sur-
tace CS, such as a metallic layer.

Preloading may be provided to establish a suiliciently well
defined contacting force of the contacting part CP on the
contacting surface CS. In that respect, use may be made of a
spring such as the springs SPR 1n FIG. 2. Many alternatives
are possible. As an example, the diaphragm DFM may form a
spring.

In a lithographic apparatus, a plurality of mirror assemblies
depicted here may be provided, the reflecting surfaces of the
mirror assemblies forming a mirror plane, each of the mirrors
being tiltable by 1ts respective actuator to enable pivoting of
cach of the mirrors. A separate measurement system may be
provided to measure a position of the mirror, the measured
position being applied by an appropriate control system to
control the actuator. By individual pivoting of one or more of
the mirrors, a spatial intensity pattern of a to be retlected
radiation beam may be altered.

FIG. 3a shows an example of an acceleration of the piezo
clectric element, 1.e. of the contacting surface CS thereot,
versus time. Likewise, FIG. 35 depicts a corresponding dis-
placement of the contacting surface CS versus time. FIG. 3a
and FIG. 35 depict a cycle comprising a time period of con-
stant velocity and a time period of negative acceleration and
moving 1n reverse direction. It will be understood that the
times as indicated in FI1G. 3¢ and FIG. 3b are an example only:
in this example, the cycle has a cycle time of approximately
0.30 microseconds. The time t=0 has been chosen arbitrarily,
and represents a moment in the cycle. As o1 t=0, a time period
tollows 1n which the acceleration of the contacting surface of
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the piezo electric element 1s substantially zero, namely a time
period 1n which the contacting surface moves at a constant
speed. During this time period, the mirror structure follows
the movement of the contacting surface, leading to a pivoting
thereol (as will be understood from FIG. 2). Then (in this
example from t=0.2 to t=0.3 microseconds) a substantially
sine shaped acceleration pattern of the piezo electric element,
1.¢., of the contacting surface thereof, 1s provided, which
provides for a negative acceleration and a movement of the
contacting surface 1n reverse direction. During this accelera-
tion pattern, slip between the contacting surface and the con-
tacting part will take place, the mirror due to 1ts 1nertia con-
tinuing to move in the same direction as before the negative
acceleration. At t=0.3 microseconds, the piezo electric ele-
ment, 1n particular the contacting surface thereof, has com-
pleted the acceleration cycle and has returned to the same
position as at t=0, and returned to the same velocity as at =0,
aiter which a following cycle may take place. FIG. 35 shows
a corresponding displacement of the contacting surface CS as
a result of the contacting surface acceleration pattern shown
in FIG. 3a.

An embodiment of the invention may not only be applied in
a lithographic apparatus. In general, an embodiment of the
invention may be applied for pivoting any pivotable structure
at a high resolution. Thus, where 1n the above description
reference 1s made to the tiltable mirror, any tiltable structure
may be understood. Furthermore, the tiltable structure may
have any shape or configuration and 1s thus not restricted to
the embodiment depicted in FIG. 2 where an assembly com-
prises a mirror (or other structure) and a pivotable element
PET. For example, the pivotable structure may form an inte-
gral part.

Although specific reference may be made 1n this text to the
use of lithographic apparatus in the manufacture of ICs, it
should be understood that the lithographic apparatus
described herein may have other applications, such as the
manufacture of integrated optical systems, guidance and
detection patterns for magnetic domain memories, tlat-panel
displays, liquid-crystal displays (LLCDs), thin-film magnetic
heads, etc. The skilled artisan will appreciate that, in the
context of such alternative applications, any use of the terms
“water” or “die” herein may be considered as synonymous
with the more general terms “‘substrate” or “target portion”,
respectively. The substrate referred to herein may be pro-
cessed, before or after exposure, 1n for example a track (a tool
that typically applies a layer of resist to a substrate and devel-
ops the exposed resist), a metrology tool and/or an inspection
tool. Where applicable, the disclosure herein may be applied
to such and other substrate processing tools. Further, the
substrate may be processed more than once, for example 1n
order to create a multi-layer IC, so that the term substrate used
herein may also refer to a substrate that already contains
multiple processed layers.

Although specific reference may have been made above to
the use of embodiments of the invention in the context of
optical lithography, it will be appreciated that the invention
may be used 1n other applications, for example imprint lithog-
raphy, and where the context allows, 1s not limited to optical
lithography. In imprint lithography a topography 1n a pattern-
ing device defines the pattern created on a substrate. The
topography of the patterning device may be pressed nto a
layer of resist supplied to the substrate whereupon the resistis
cured by applying electromagnetic radiation, heat, pressure
or a combination thereof. The patterning device 1s moved out
of the resist leaving a pattern 1n it after the resist 1s cured.

The terms “radiation™ and “beam™ used herein encompass
all types of electromagnetic radiation, including ultraviolet
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(UV) radiation (e.g. having a wavelength of or about 363,
248, 193, 157 or 126 nm) and extreme ultra-violet (EUV)
radiation (e.g. having a wavelength 1n the range of 5-20 nm),
as well as particle beams, such as 1on beams or electron
beams.

The term “lens”, where the context allows, may refer to any
one or combination of various types of optical components,
including refractive, retlective, magnetic, electromagnetic
and electrostatic optical components.

While specific embodiments of the mvention have been
described above, 1t will be appreciated that the invention may
be practiced otherwise than as described. For example, the
invention may take the form of a computer program contain-
Ing one or more sequences of machine-readable instructions
describing a method as disclosed above, or a data storage
medium (e.g. semiconductor memory, magnetic or optical
disk) having such a computer program stored therein.

The descriptions above are intended to be illustrative, not
limiting. Thus, 1t will be apparent to one skilled in the art that
modifications may be made to the mvention as described
without departing from the scope of the claims set out below.

What 1s claimed 1s:

1. A lithographic apparatus comprising:

an 1llumination system configured to condition a radiation

beam;

a support constructed to support a patterning device, the

patterning device being capable of imparting the radia-
tion beam with a pattern 1n its cross-section to form a
patterned radiation beam;

a substrate table constructed to hold a substrate;

a projection system configured to project the patterned

radiation beam onto a target portion of the substrate;

a mirror assembly to interact with the radiation beam, the

mirror assembly comprising:

a mirror structure being pivotable about at least one axis

and comprising a reflecting surface, and

an actuator to pivot the mirror structure, the actuator having,

a contacting surface to establish contact with a contact-
ing part of the mirror structure,

wherein the actuator 1s configured to move the mirror struc-

ture 1n a first direction by moving the contacting surface
in a repeated pattern of movement of the contacting
surface 1n the first direction at a first speed or accelera-
tion followed by movement of the contacting surface 1n
a second direction at a second speed or acceleration,
wherein the second direction 1s substantially opposite to
the first direction and the second speed or acceleration 1s
greater than the first speed or acceleration.

2. The lithographic apparatus according to claim 1,
wherein the actuator comprises a sheer piezo electric actuator
to establish a movement of the contacting surface of the piezo
clectric actuator 1n a direction substantially in a plane parallel
to the contacting surface.

3. The lithographic apparatus of claim 2, wherein the sheer
piezo electric actuator comprises a dual layer sheer piezo
clectric actuator, each layer configured to establish movement
of the contacting surface 1n a substantially orthogonal direc-
tion to the other layer.

4. The lithographic apparatus of claim 1, wherein the p1v-
otability of the mirror structure 1s provided by the mirror
structure being suspended 1n a diaphragm.

5. The lithographic apparatus of claim 4, wherein the dia-
phragm extends in a plane substantially parallel to the con-
tacting surtace.

6. The lithographic apparatus of claim 1, wherein a surface
of the contacting part of the mirror structure 1s convex, a
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radius of the convex surface substantially corresponds to a
distance between the surface of the contacting part and a pivot
axis of the mirror structure.

7. The lithographic apparatus of claim 1, wherein the con-
tacting surface of the actuator comprises a metallic layer.

8. The lithographic apparatus of claim 1, further compris-
ing a spring to preload the minor structure onto the contacting
surface.

9. The lithographic apparatus of claim 1, comprising a
plurality of mirror assemblies, the mirror structures of the
mirror assemblies being arranged to form a mirror plane, each
of the mirror structures pivotable by 1ts respective actuator
and positioned 1n an optical path of the radiation beam.

10. A pivotable structure assembly comprising:

a pivotable structure pivotablc about at least one axis; and

an actuator to pivot the pivotable structure, the actuator
having a contacting surface to establish a slip-stick con-
tact with a contacting part of the pivotable structure,

wherein the actuator 1s configured to move the mirror struc-
ture 1n a first direction by moving the contacting surface
in a repeated pattern of movement of the contacting
surface in the first direction at a first speed or accelera-
tion followed by movement of the contacting surface 1n
a second direction at a second speed or acceleration,
wherein the second direction 1s substantially opposite to
the first direction and the second speed or acceleration 1s
greater than the first speed or acceleration.

11. The p1votable structure assembly of claim 10, wherein
the actuator comprises a sheer piezo electric actuator to estab-
lish a movement of the contacting surface of the piezo electric
actuator 1n a direction substantially in a plane parallel to the
contacting surface.

12. The p1votable structure assembly of claim 11, wherein
the sheer piezo electric actuator comprises a dual layer sheer
piezo clectric actuator, each layer configured to establish
movement of the contacting surface 1 a substantially
orthogonal direction to the other layer.
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13. The pivotable structure assembly of claim 10, wherein
the pivotability of the pivotable structure 1s provided by the
pivotable structure being suspended in a diaphragm.

14. The pivotable structure assembly of claim 13, wherein
the diaphragm extends 1n a plane substantially parallel to the
contacting surface.

15. The pivotable structure assembly of claim 10, wherein
a surface of the contacting part of the pivotable structure 1s
convex, a radius of the convex surface substantially corre-
sponds to a distance between the surface ol the contacting part
and a pivot axis of the pivotable structure.

16. The pivotable structure assembly of claim 10, wherein
the contacting surface of the actuator comprises a metallic
layer.

17. The pivotable structure assembly of claim 10, further
comprising a spring to preload the pivotable structure onto the
contacting surface.

18. The pivotable structure assembly of claim 10, wherein
the pivotable structure comprises a mirror having a reflecting
surtace.

19. The pivotable structure assembly of claim 10, wherein
the actuator comprises a piezo electric actuator.

20. A mirror assembly, comprising:

a mirror;

a mover structure connected to the mirror and pivotable

about a pivot point; and

a piezo electric actuator having a contacting surface to

establish contact with the mover structure, wherein the
piczo electric actuator 1s configured to move the mirror
structure 1n a first direction by moving the contacting
surface 1n a repeated pattern of movement of the con-
tacting surface 1n the first direction at a first speed or
acceleration followed by movement of the contacting
surface in a second direction at a second speed or accel-
eration, wherein the second direction i1s substantially
opposite to the first direction and the second speed or
acceleration 1s greater than the first speed or accelera-
tion.
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